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(57) ABSTRACT

A fiber-reinforced resin composition which is capable of
providing a light-weight molded article that has a high
mechanical strength. The fiber-reinforced resin composition
contains (A) a thermoplastic resin and (B) resin-impregnated
filament bundles containing rayon fibers. The rayon fibers of
the component (B) have a fiber diameter of 5-30 um and an
X-ray orientation degree of 86% or more. The resin-impreg-
nated filament bundles are obtained by: tying 2,000-30,000
rayon fibers of the component (B) lined up in the longitudinal
direction together in a bundle; integrating the bundle of the
rayon fibers by impregnating the bundle with the thermoplas-
tic resin of the component (A) in a molten state; and then
cutting the integrated bundle into pieces 3-30 mm long.
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FIBER-REINFORCED RESIN COMPOSITION

TECHNICAL FIELD

The present invention relates to a fiber-reinforced resin
composition capable of providing a molded article which is
lightweight and has high mechanical strength, especially high
specific modulus, and a molded article obtained therefrom.

BACKGROUND ART

Resin molded articles are used as a metal substitute for the
purpose of weight saving, and in order to improve mechanical
strengths, molding of a resin composition in which a fiber is
blended has been known.

In JP-A 2008-013693, there is disclosed an invention of a
long fiber-reinforced thermoplastic resin composition for
automobile outer plate members obtained by blending a rein-
forcement fiber in an amount of 25 to 200 parts by weight
relative to 100 parts by weight of a composition in which a
weight ratio of a thermoplastic polyurethane (TPU) to a sty-
rene-based resin (SR) (that is, TPU/SR) is 20/80 to 90/10.

It is described that, as a reinforcement fiber, at least one
kind of fiber selected from the group consisting of an inor-
ganic fiber made of glass, carbon, silicon carbide, basalt, or
boron; a metal fiber made of stainless steel; an organic fiber
made of aramid, rayon, nylon, poly naphthalate, polyester, or
cellulose is included, but in its Example, urethane-based long
fiber glass fiber is used.

In JP-A 2008-202012, there is described an invention relat-
ing to a long fiber-reinforced thermoplastic resin composition
obtained by blending 11 to 200 parts by weight of a reinforce-
ment fiber relative to 100 parts by weight of a composition
composed of a polycarbonate resin (PC) and a styrene-based
resin (SR).

It is described that, as a reinforcement fiber, at least one
kind of fiber selected from the group consisting of an inor-
ganic fiber made of glass, carbon, silicon carbide, basalt, or
boron; a metal fiber made of stainless steel; an organic fiber
made of aramid, rayon, nylon, polynaphthalate, or polyester;
and a cellulose fiber is included, but in its Example, a glass
fiber is used.

SUMMARY OF INVENTION

An object of the present invention is to provide a fiber-
reinforced resin composition capable of providing a molded
article which is lightweight and has a high mechanical
strength, especially high specific modulus, and a molded
article obtained therefrom.

The present invention provides, as a means to solve the
problem, a fiber-reinforced resin composition comprising a
resin-impregnated long fiber bundle including (A) a thermo-
plastic resin and (B) a rayon fiber, wherein the rayon fiber of
the component (B) has a fiber diameter of 5 to 30 um, and an
X-ray orientation degree of 86% or more, and the resin-
impregnated long fiber bundle is obtained by impregnating a
bundle of the 2,000 to 30,000 rayon fibers of the component
(B) in a state where the rayon fibers are arranged in the
longitudinal direction, with the thermoplastic resin of the
component (A) in a molten state to thereby be integrated, and
then cutting the integrated bundle into a length of 3 to 30 mm.

The present invention relates to a molded article obtained
from the aforementioned fiber-reinforced resin composition.

The resin-impregnated long fiber bundle contained in the
fiber-reinforced resin composition of the present invention
can make longer the fiber length of the rayon fiber remaining
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in amolded article after molding, since there is used the rayon
fiber in which cellulose molecules are highly oriented fibers
in the longitudinal direction of the fiber (that is, the X-ray
orientation degree being 86% or more), and in which a tensile
modulus and strength are high.

For this reason, since the mechanical strength (especially
specific modulus) of a molded article can be made higher than
a fiber bundle in which a conventional inorganic fiber or
organic fiber is used, there can be obtained a molded article
(forexample, plate-like molded article) being lightweight and
having high mechanical strength by making its thickness
smaller.

DETAILED DESCRIPTION OF THE INVENTION
Fiber-Reinforced Resin Composition

The composition of the present invention contains the
resin-impregnated long fiber bundle (resin-impregnated
rayon long fiber bundle) containing the component (A) and
the component (B), and may be composed only of the afore-
mentioned resin-impregnated long fiber bundle, or may con-
tain other components as necessary.

Component (A)

Examples of the thermoplastic resins of the component (A)
can include a polyolefin-based resin, a polyamide-based
resin, a styrene-based resin, a polycarbonate resin, polyvinyl
chloride, polyvinylidene chloride, a polycarbonate-based
resin, an acrylic resin, a methacrylic resin, a polyester-based
resin, a polyacetal-based resin, and a polyphenylene sulfide-
based resin.

As the thermoplastic resin of the component (A), prefer-
ableis one selected from a polyolefin-based resin and a polya-
mide-based resin.

As the polyolefin-based resin there can be used polypro-
pylene; high-density, low-density and linear low-density
polyethylenes; poly-1-butene; polyisobutylene; a copolymer
of ethylene and propylene; ethylene-propylene-diene ter-
polymer (the diene component as a raw material being in an
amount of 10% by mass or less); polymethylpentene; ran-
dom, block and graft copolymers of ethylene or propylene
(50% by mole or more) with other copolymerizable monomer
(vinyl acetate, an alkyl ester of methacrylic acid, an alkyl ester
of acrylic acid, aromatic vinyl, etc.), and the like. Among
them, preferable is polypropylene.

When using the polyolefin-based resin as the component
(A), in order to make it easy to impregnate the resin into the
rayon fiber bundle of the component (B), it is preferable to use
an acid-modified polyolefin simultaneously.

As the acid-modified polyolefin, preferable is maleic acid-
modified polyolefin (maleic acid-modified polypropylene)
and maleic anhydride-modified polyolefin (maleic anhy-
dride-modified polyolefin).

When using the acid-modified polyolefin simultaneously
as the component (A), it is preferable to carry out blending so
that an acid amount (amount of an acid contained in the
acid-modified polyolefin in the component (A)) in the com-
ponent (A) may be, on average, in the range of 0.005 t0 0.5%
by mass in terms of maleic anhydride.

The present invention preferably includes the aforemen-
tioned fiber-reinforced resin composition in which the ther-
moplastic resin of the component (A) includes polypropylene
and maleic acid-modified polypropylene and/or maleic anhy-
dride-modified polypropylene, and the acid amount in the
component (A) is, on average, 0.005 to 0.5% by mass in terms
of maleic anhydride.
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As the polyamide-based resin, preferable is one selected
from an aliphatic polyamide and an aromatic polyamide.

Examples of the aliphatic polyamides can include polya-
mide 6, polyamide 66, polyamide 69, polyamide 610, polya-
mide 612, polyamide 46, polyamide 11, polyamide 12, and
the like.

Examples of the aromatic polyamides can include one
obtained from an aromatic dicarboxylic acid and an aliphatic
diamine, or one obtained from an aliphatic dicarboxylic acid
and an aromatic diamine, and examples can include Nylon
MXD (metaxylylenediamine and adipic acid), Nylon 6T
(hexamethylenediamine and terephthalic acid), Nylon 61
(hexamethylenediamine and isophthalic acid), Nylon 9T
(nonanediamine and terephthalic acid), Nylon M5T (methyl-
pentadiamine and terephthalic acid), Nylon 10T (decameth-
ylenediamine and terephthalic acid).

Among them, preferable is the aliphatic polyamide such as
polyamide 6, polyamide 69, polyamide 610, polyamide 612,
polyamide 11 or polyamide 12.

As the rayon fiber of the component (B), there can be used
those described in Lenzinger Berichte 87(2009), p 98-p 105,
for example, viscose rayon, polynosic, MODARU, cupra,
RIYOSERU (Tencel), Bocell, FORTIZAN (fiber obtained by
expanding a cellulose acetate [manufactured by CELANESE
Co., Ltd.], and then saponifying with alkali), etc.

In order to make it easy to impregnate the resin into the
bundle of the rayon fiber, and in order to enhance the
mechanical strength of the molded article, the rayon fiber of
the component (B) has a fiber diameter of 5 to 30 um, and the
X-ray orientation degree of 86% or more.

The fiber diameter of the rayon fiber of the component (B)
is preferably 6 to 20 um, more preferably 7 to 15 pm.

The X-ray orientation degree of the rayon fiber of the
component (B) is preferably 90% or more.

Here, the X-ray orientation degree is calculated from the
equation described in Paragraph number 0012 and Paragraph
number 0013 of JP-A 09-31744, and in Paragraph 0020 to
Paragraph 0021 of JP-A 09-256216.

The rayon fiber of the component (B) has the aforemen-
tioned fiber diameter and the aforementioned X-ray orienta-
tion degree, and has a tensile modulus (Young’s modulus) of
preferably 10 GPa or more, more preferably 13 GPa or more,
and further preferably 15 GPa or more.

The rayon fiber of the component (B) is one in which
cellulose molecules are highly oriented in the longitudinal
direction of'the fiber (the X-ray orientation degree being 86%
or more), and has high tensile modulus and high interface
strength with the resin and is excellent in performances of a
long fiber, and thus the rayon fiber is extremely excellent as a
fiber for a long fiber-reinforced resin.

The rayon fiber of the component (B) has a stronger activ-
ity of the fiber surface and higher reactivity than a natural
cellulose fiber having a high crystallinity or the like. There-
fore, in order to enhance the effect due to the inclusion of the
component (B), it is preferable to use the acid-modified poly-
olefin as the component (A) simultaneously. By containing
the functional group-containing resin as the component (A),
the interface strength between the rayon fiber and the resin of
the component (A) becomes higher, and thus its physical
properties are further enhanced and, at the same time, the
improvement of the physical properties due to making a fiber
long become larger.

Resin-Impregnated Long Fiber Bundle

The resin-impregnated long fiber bundle can be obtained
by impregnating a bundle of the 2,000 to 30,000 rayon fibers
of the component (B) in a state where the rayon fibers are
arranged in the longitudinal direction, with the thermoplastic
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resin of the component (A) in a molten state to thereby be
integrated, and then cutting the integrated bundle into a length
of 3 to 30 mm.

When the number of the rayon fiber in the bundle exceeds
30,000, it does not become possible to carry out the impreg-
nation with the thermoplastic resin of the component (A)
molten up to the central part of the fiber bundle, and when the
fiber-reinforced resin composition is molded, the dispersion
of the fiber becomes bad, which results in a bad appearance
and bad mechanical strength. When the number of the rayon
fibers in the bundle is less than 3,000, there arises a produc-
tion problem such as breakage of the fiber bundle at the time
of the production of the resin-impregnated fiber bundle. The
number of the rayon fibers in the bundle is preferably 3,000 to
25,000, more preferably 5,000 to 25,000.

The resin-impregnated long fiber bundle can be produced
by a well-known production method in which a die is used,
and there can be employed production methods described in,
for example, Paragraph number 7 of JP-A 06-313050, Para-
graph number 23 of JP-A 2007-176227, and others such as
JP-B 06-2344 (MANUFACTURING AND MOLDING
METHOD OF RESIN COATED LONG FIBER BUNDLE),
JP-A 06-114832 (FIBER-REINFORCED THERMOPLAS-
TIC RESIN STRUCTURE AND MANUFACTURE
THEREOF), IP-A 06-293023 (MANUFACTURE OF
LONG FIBER-REINFORCED THERMOPLASTIC RESIN
COMPOSITION), JP-A 07-205317 (TAKING-OUT OF
FIBER BUNDLE AND PRODUCTION OF LONG FIBER
REINFORCED RESIN STRUCTURE), IP-A 07-216104
(MANUFACTURE OF LONG FIBER-REINFORCED
RESIN STRUCTURE), JP-A 07-251437 (METHOD AND
DEVICE FOR MANUFACTURE OF LONG FIBER-REIN-
FORCED THERMOPLASTIC COMPOSITE MATERIAL),
JP-A 08-118490 (CROSSHEAD DIE, AND MANUFAC-
TURE OF LONG FIBER-REINFORCED RESIN STRUC-
TURE), and the like.

The length of the resin-impregnated long fiber bundle
(namely, the length of the rayon fiber of the component (B)
contained in the resin-impregnated long fiber bundle) is in the
range of 3 to 30 mm, preferably 5 mm to 20 mm, and more
preferably 6 mm to 15 mm. When the length is 3 mm or more,
the mechanical strength of the molded article obtained from
the composition can be enhanced, and when the length is 30
mm or less, the moldability becomes better.

As to a ratio between the amounts of the component (A)
and the component (B) in the resin-impregnated long fiber
bundle,

the amount of the component (A) is preferably 95 to 30%
by mass, more preferably 90 to 40% by mass, and further
preferably 80 to 40% by mass,

the amount of the component (B) is preferably 5 to 70% by
mass, more preferably 10 to 60% by mass, and further pref-
erably 20 to 60% by mass.

The fiber-reinforced resin composition of the present
invention can contain other known fire retardants and fire-
resistant aids, thermostabilizers, lubricants, light stabilizers,
antioxidants, colorants, mold lubricants and antistatic agents
within a range in which the problem of the present invention
can be solved.

Those components may be included in the resin-impreg-
nated long fiber bundle, or may be included separately from
the resin-impregnated long fiber bundle.

<Molded Article Consisting of the Fiber-Reinforced Resin
Composition>

The molded article of the present invention is obtained by
molding the fiber-reinforced resin composition including the
aforementioned resin-impregnated long fiber bundle.
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When obtaining the molded article of the present invention,
in addition to the fiber-reinforced resin composition includ-
ing the aforementioned resin-impregnated long fiber bundle,
the thermoplastic resin of the above-mentioned component
(A) can be added as necessary.

Since the resin-impregnated long fiber bundle included in
the fiber-reinforced resin composition of the present inven-
tion has a good dispersibility in the molten resin, the rayon
fiber can be uniformly dispersed in the obtained molded
article.

When molding the fiber-reinforced resin composition
including the resin-impregnated long fiber bundle of the
present invention, although there cannot be avoided the
breakage and shortening of the rayon fibers contained in the
resin-impregnated long fiber bundle by a force applied at the
molding, there is used, in the present invention, rayon fibers in
which the cellulose molecules are highly oriented in the lon-
gitudinal direction of the fiber (the X-ray orientation degree
being 86% or more), and thus the fiber strength is high and the
shortening of the rayon fiber due to the aforementioned
breakage is suppressed.

In addition, since the strength and elastic modulus of the
fiber itself are also high, the mechanical strengths (bending
modulus or the like) of the obtained molded article can be
enhanced.

Furthermore, since the molded article obtained from the
fiber-reinforced resin composition of the present invention
contains the rayon fiber having a predetermined tensile
modulus and is lightweight in comparison with one contain-
ing an inorganic fiber such as glass fiber (namely, being able
to lower its density), a molded article having a large specific
modulus (bending modulus/density) can be obtained.

In addition, for example, when making a comparison
between a rayon long fiber-containing polypropylene molded
article and a glass long fiber-containing polypropylene
molded article, a specific modulus becomes larger as the
blending amount of the rayon fiber or glass fiber becomes
larger, and a degree thereof of the rayon long fiber-containing
polypropylene molded article is larger than that of the glass
long fiber-containing polypropylene molded article.

With respect to the molded article obtained from the fiber-
reinforced resin composition of the present invention, a spe-
cific modulus of a molded article of 4 mm thickness is pref-
erably 4,000 MPa or more, more preferably 4,500 MPa or
more, and further preferably 5,000 MPa or more.

The molded article of the present invention can be made
into a desired shape depending on the intended use and, as
mentioned above, since the specific modulus can become
larger, when being made into a thin plate-like molded article,
one being lightweight and having a high mechanical strength
can be obtained.

The case where the molded article of the present invention
is made into a thin plate-like molded article, for example,
even when the thickness is 1 to 5 mm, one having a high
mechanical strength can be obtained.

In addition, since the molded article obtained from the
fiber-reinforced resin composition of the present invention
contains the rayon fiber, when it is burnt, combustion residue
like glass fiber does not remain.

Since the molded article of the present invention is light-
weight and has a high mechanical strength (especially spe-
cific modulus), it can be used as substitutes of metal parts
used in the various fields of electric and electronic equipment,
communication equipment, automobiles, building materials,
daily needs, etc., and is especially suitable for housings of
various equipment, and a plate-like sheathing material.
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EXAMPLES

Production Example 1

Production of the Resin-Impregnated Long Fiber
Bundle

The resin-impregnated long fiber bundles used in
Examples 1 to 5 and Comparative Example 1 shown in Table
1 were produced.

A fiber bundle made of long rayon fibers (number of the
fibers shown in Table 1) of the component (B) was passed
through a crosshead die. At this time, the molten component
(A) shown in Table 1 was supplied to the crosshead die from
a biaxial extrusion machine (cylinder temperature 0o 290° C.)
in Table 1 in an amount shown in Table 1, and the rayon fiber
bundle of the component (B) was impregnated with the mol-
ten material.

After that, after performing shaping by a shaping nozzle at
the exit of the crosshead die and adjusting the shape by
shaping rolls, a resin-impregnated long fiber bundle in pellet
form (cylindrical form) was obtained by cutting the resultant
fiber bundle into a predetermined length (length of the long
fiber bundle of Table 1) through the use of a pelletizer.

Through confirmation by cutting the resin-impregnated
long fiber bundle thus obtained, in Examples 1 to 5, the rayon
fibers were substantially parallel to the longitudinal direction,
and the resin was impregnated into the central part.

In the same way, through confirmation by cutting the resin-
impregnated long fiber bundle of Comparative Example 1,
although the rayon fibers were substantially parallel to the
longitudinal direction in Comparative Example 1, the resin
was not sufficiently impregnated into the central part.

Examples 1 to 5, Comparative Example 1

There were obtained the compositions made of the resin-
impregnated long fiber bundles obtained in Production
example 1.

Comparative Example 2

A cellulose fiber-containing composition was produced in
accordance with the following method (method described in
the Example of JP-A 2008-297479) by using the component
shown in Table 1.

1st Step

A heater mixer (upper blade: kneading type, lower blade:
for high circulation and high loading, provided with a heater
and a thermometer, capacity 200 L) was heated at 140° C., a
rod-like pulp sheet was charged into the mixer at an angle of
90 degrees, and stirred at an average peripheral speed of 50
m/second. At about 3 minutes later, the rod-like pulp sheet
was changed to a flocculent pulp sheet.

2nd Step

Subsequently, after polypropylene was charged into the
heater mixer, stirring was continued at an average peripheral
speed of 50 m/second. The current value of the motor at this
time was 30 A. When the temperature of the mixer reached
120° C., MPP was charged and stirring was continued.

After the passage of about 10 minutes, the power began to
increase. Another minute later, since the current value rose to
50 A, a peripheral speed was decreased to a low speed of 25
m/sec. Furthermore, the power began to go up again by con-
tinuation of low speed mixing. One minute and a half later
from the beginning of the low speed rotation, the current
value reached 70 A, and then a discharge port of the mixer was
opened and the resultant substance was discharged to a con-
nected cooling mixer.
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3rd Step

In the cooling mixer (rotation blade: standard blade for
cooling, provided with a water-cooling means (20° C.) and a
thermometer, capacity 500 L, cooler mixer) stirring was
started at an average peripheral speed of 10 m/second, and
stirring was terminated at the time when the temperature in
the mixer reached 80° C. By processing of the 3rd step, a
mixture of the cellulose fiber and polypropylene was solidi-
fied, and granular particles having a diameter of around sev-
eral mm to 2 cm were obtained.

Comparative Examples 3 and 4

A fiber-containing composition was produced according to
the following method (method similar to the method
described in the Example of JP-A 2007-84713) by using the
component shown in Table 1.

1st Step

A heater mixer (upper blade: kneading type, lower blade:
for high circulation and high loading, provided with a heater
and a thermometer, capacity 200 L) was heated at 140° C.,
polypropylene resin and rayon short fibers were charged into
the mixer and stirred at an average peripheral speed of 50
m/second. When the temperature of the mixer reached 120°
C., an acid-modified PP was charged and stirring was contin-
ued.

After the passage of about 10 minutes, the power began to
increase. Another minute later, since the current value rose to
50 A, a peripheral speed was decreased to a low speed of 25
m/sec. Furthermore, the power began to go up again by the
continuation of low speed mixing. One minute and a half later
from the beginning of the low speed rotation, the current
value reached 70 A, and then a discharge port of the mixer was
opened and the resultant substance was discharged to a con-
nected cooling mixer.

2nd Step

In the cooling mixer (rotation blade: standard blade for
cooling, provided with a water-cooling means (20° C.) and a
thermometer, capacity 500 L, cooler mixer) stirring was
started at an average peripheral speed of 10 m/second, and
stirring was terminated at the time when the temperature in
the mixer reached 80° C. By processing of the 3rd step, a
mixture of the cellulose fiber and polypropylene was solidi-
fied, and granular particles having a diameter of several mm
to 2 cm were obtained.

Comparative Example 5

The commercial available product (Plastron PP-GF-20-02:
manufactured by DAICEL POLYMER CO., LTD.) was used
as the resin-impregnated long glass fiber bundle. This com-
mercially available product was one in which the glass fibers
were substantially parallel to the longitudinal direction, and
the central part was impregnated with the resin.

<Components to be Used>

Component (A)

PP (polypropylene): J139 (manufactured by Prime Poly-
mer Co., Ltd.)

Acid-modified PP: OREVAC CA100 (manufactured by
ATOFINA Japan, Co., [td.), 1.0% maleic anhydride-modi-
fied

Component (B)

Rayon fiber bundle 1: Use of 6,000 rayon fibers each hav-
ing a fiber diameter of 12 um, an X-ray orientation degree of
93%, a Young’s modulus of 20 GPa

Rayon fiber bundle 2: Use of 20,000 rayon fibers each
having a fiber diameter of 12 um, an X-ray orientation degree
0t 91%, a Young’s modulus of 18 GPa

Rayon fiber bundle 3: a bundle of 18,000 fibers obtained by
unbundling and dividing the bundle of rayon fiber having a
fiber diameter of 10 um, an X-ray orientation degree of 91%,
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a Young’s modulus of 13 GPa (TENCEL, registered trade-
mark, manufactured by Lenzing Co., Ltd.)

(Comparative Components)

Rayon fiber bundle 1 for comparison: Use of 37,500 rayon
fibers each having a fiber diameter of 9 um, an X-ray orien-
tation degree of 90%, a Young’s modulus of 9 GPa

Rayon short fiber 1: One obtained by cutting the rayon long
fiber bundle 1 into 3 mm.

Rayon short fiber 2: One obtained by cutting the rayon long
fiber bundle 3 into 3 mm.

Wood pulp: Pulp NDP-T (manufactured by Nippon Paper
Industries Co., Ltd.), a fiber diameter of 25 um, an average
fiber length of 1.8 mm

Long glass fiber-reinforced resin: Plastron PP-GF-20-02
(20% long glass fiber-reinforced polypropylene resin, manu-
factured by DAICEL POLYMER Co., Ltd.)

<Measuring Method>

(Tensile Modulus (Young’s Modulus) of Rayon Fibers)

After three weeks storage under an air condition of 23° C.
and 50 RH, measuring was performed at a distance between
zippers of 200 mm, and a tensile rate of 200 rum/min.

(X-Ray Orientation Degree of Rayon Fiber)

An X-ray orientation degree was obtained by a transmis-
sion method. A scintillation counter was set to 20=20.1°
which is equivalent to the diffraction degree of a surface
(101), a fiber bundle was rotated vertically with respect to the
incident X ray, a diffracted-X-ray strength of the azimuth
angle ¢ was measured, and the X-ray orientation degree was
calculated according to the following equation described in
“Cellulose and Cellulose Derivatives” 2nd. ed., Vol. 11, edited
by E. Ott, M. Spurlin, Interscience publishers, New York
(1954). In the equation, ¢, , is a half width represented by an
azimuth angles (degrees).

Je 0)={(1-(¢,,,/180)}x100

(Method for Preparing Test Specimen)

Under the following conditions, an ISO multi-purpose test
specimen Type A configuration product (2 mm thickness) was
prepared, and used as the test specimen for each of the fol-
lowing measurements.

Equipment: J-150EIl manufactured by The Japan Steel
Works LTD.

Cylinder temperature: 280° C.

Die temperature: 100° C.

Screw: Screw only for long fibers 1

Screw diameter: 51 mm

Gate shape: Side gate with 20 mm width

(1) Tensile strength (MPa)

Measured in accordance with ISO527

(2) Bending strength (MPa)

Measured in accordance with ISO178

(3) Bending modulus (MPa)

Measured in accordance with ISO178

(4) Charpy impact strength (kJ/m?)

The notched Charpy impact strength was measured in
accordance with ISO179/1eA

(5) Dispersion state of rayon fibers in molded article

The surface of the test specimen was visually observed.

The case where the rayon fibers are well dispersed in the
molded article, a lump (fiber bundle which remains without
being opened) of the rayon fibers does not exist on the surface
of the test specimen, but in case where the rayon fibers are
badly dispersed, a lump (fiber bundle which remains without
being opened) of the rayon fiber is observed on the surface of
the test specimen.
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TABLE 1
Examples Comparative Examples
1 2 3 4 5 1 2 3 4 5
Resin- (A) PP (J-139) 72 59 67 67 67 61 67 67 67
impreg- Acid-modified PP 3 3 3 3 3 3 3 3 3
nated PP-GF-20-02 100
long (B) Rayon long fiber bundle 1 25 30
fiber Rayon long fiber bundle 2 38 30
bundle Rayon long fiber bundle 3 35
Rayon long fiber bundle 36
for comparison 1
Fiber diameter (um) 12 12 12 12 10 9 25 12 12
X-ray orientation 93 91 93 91 91 20
degree (%)
Number of fibers composed 6000 20000 6000 20000 18000 37500
of fiber bundles
Length of resin-impregnated 9 9 9 9 9 9 11
long fiber bundle (mm)
Fiber Rayon short fiber 1 30
for Rayon short fiber 2 30
compar- Wood pulp 30
ison
Evalu- Density (g/em?) 1.01 1.05 1.03 1.03 1.04 1.05 1.03 1.03 1.03 1.03
ation Bending modulus (MPa) 5300 6200 6000 5200 5500 4200 3900 3600 4000 4500
items Specific modulus 5250 5910 5830 5050 5288 4000 3790 3500 3880 4370
Tensile strength (MPa) 75 94 82 84 87 65 41 36 45 100
Bending strength (MPa) 105 135 119 120 125 107 72 62 74 140
Dispersion state Good Good Good Good Good Bad Good Good Good Good

By making a comparison between Examples 1 to 5 and
Comparative Examples 1 to 4, it was able to be confirmed that
the mechanical strength of the molded articles in which the
resin-impregnated rayon long fiber bundles of Examples 1 to
5 were used was superior.

Although the resin-impregnated rayon long fiber bundle
was used in Comparative Example 1, the impregnation with
the resin (PP) up to the central part of the fiber bundle was not
carried out as described in Production example 1, and thus it
has been confirmed that bundle (lump)-like fibers in which
the fiber bundle was not opened sufficiently and many fibers
gathered were not dispersed. For this reason, in comparison
with Examples 1 to 5, ithas been recognized that the mechani-
cal strength was inferior.

Comparative Example 5 is an example in which the resin-
impregnated long glass fiber bundle was used, and the specific
modulus in Comparative Example 5 was inferior to that in
Examples 1 to 5. This result shows that the rayon fibers were
excellent in performance as a reinforcement fiber for reinforc-
ing long fiber for the improvement of modulus (balance
between density and Young’s modulus) even in comparison
with glass fiber.

The invention claimed is:

1. A fiber-reinforced resin composition comprising a resin-
impregnated long fiber bundle including (A) a thermoplastic
resin and (B) a rayon fiber, wherein

the rayon fiber of component (B) has a fiber diameter of 5

to 30 um and an X-ray orientation degree of 90% or
more, and

the resin-impregnated long fiber bundle is obtained by

impregnating a bundle of 2,000 to 30,000 rayon fibers of
component (B) in a state where the rayon fibers are
arranged in the longitudinal direction, with the thermo-

35

50

plastic resin of the component (A) in a molten state to
thereby form an integrated bundle, and then cutting the
integrated bundle into a length of 3 to 30 mm.

2. The fiber-reinforced resin composition according to
claim 1, wherein the rayon fiber of component (B) has a
tensile modulus of 10 GPa or more.

3. The fiber-reinforced resin composition according to
claim 1, wherein the rayon fiber of component (B) has a
tensile modulus of 13 GPa or more.

4. The fiber-reinforced resin composition according to
claim 1, wherein the thermoplastic resin of component (A) is
selected from a polyolefin resin and a polyamide resin.

5. The fiber-reinforced resin composition of claim 1,
wherein the thermoplastic resin of component (A) includes
polypropylene and maleic acid-modified polypropylene and/
or maleic anhydride-modified polypropylene and

an acid amount in component (A) is, on average, 0.005 to

0.5% by mass in terms of maleic anhydride.

6. The fiber-reinforced resin composition of claim 1,
wherein the thermoplastic resin of component (A) is selected
from an aliphatic polyamide of polyamide 6, polyamide 69,
polyamide 610, polyamide 612, polyamide 11 and polyamide
12.

7. A molded article obtained from the fiber-reinforced resin
composition of claim 1.

8. The molded article according to claim 7, wherein a
specific modulus of a 4 mm thick molded article is 4,000 MPa
or more.

9. The molded article according to claim 7, wherein a
specific modulus of a 4 mm thick molded article is 4,500 MPa
or more.



